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In 1974, the State Legislature established the California Energy Commission to address
the energy challenges facing our state. The Commission is the state's principal energy planning and policy making organization, charged with ensuring a reliable and affordable
energy supply. The Commission's policies are consistent with protecting California's
environment and its public health, safety, and general welfare.
California's Energy Agenda, the Commission's seventh Biennial Report, is the California
Energy Commission's principal planning document. It identifies emerging trends in energy
supply and demand, and once approved by the Governor, becomes the state's official energy
policy. The Agenda thus forms the basis for action by the Legislature, other government
agencies, utilities, and the private sector to meet California's future energy needs.
California's Energy Agenda is supported by five statutorily-required Energy
Commission technical documents: the Conservation Report, the Fuels Report,
the Energy Development Report, the Electricity Report, and the California Con-
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The California Energy Com-

mission, I tor: ArtS. Kevorkian,
Robert Mussetter, Chairman
Glories R.lmbrecht, Richard Biles,
Vice Choir Barbaro Crowley.

tingency Plan. These reports provide the analytical basis for the policies put
forth in this biennial report. The Conservation Report is a comprehensive review of existing policies and evaluates and proposes new opportunities for
energy efficiency in California. The Fuels Report forecasts trends in the demand, supply and price of petroleum and petroleum products, natural gas,
coal, synthetic, and other fuels. The Energy Development Report identifies
barriers to energy development, including power plant siting and environmental problems. It also analyzes the status of new and existing technologies and establishes research and development priorities. The Electricity Report contains the official five,
12, and 20-year forecasts of electricity demand for California, establishes siting procedures,
and evaluates supply options for meeting the state's electricity needs. The California Contingency Plan describes actions to be taken in the event of serious energy shortages.
Each of these reports undergoes an extensive public review process prior to approval.
Based on the findings of these technical reports, California's Energy Agenda recommends
legislative, administrative, and regulatory actions to resolve energy issues and ensure
a reliable future supply of energy for California's citizens.
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ABOUT THE COVER
The cover of this
Biennial Report is a photograph of the los Angeles
skyline. los Angeles is
symbolic of the challenge
California faces in balancing urban growth and
environmental quality.

The natural beauty of
California that inspired
Ansel Adams' work still
exists. It has also inspired
Californians to develop
and use innovative approaches to producing
and using energy more
efficiently. The complex
environmental challenges
we face- regional air
quality problems, ozone
depletion, and potential
global climate changewill require that California
continue to change the
ways in which we produce
and use energy.

•

Winter Sunrise, The Sierra Nevada, from Lone Pine, California, 1943. Photograph by Ansel

Adams. Courtesy of the Trustees of The Ansel Adams Publishing Rights Trust. All Rights Reserved.

Preserving and protecting California's environment have become key
elements in the state's
energy policy and recommendations for the future .
Those efforts are necessary for California to retain
both its global economic
influence and its environmental beauty.
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ENERGY, THE ENVIRONMENT AND A
COMPETITIVE ECONOMY
Energy policies will play a major role in meeting California's
environmental and economic challenges.
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Art S. Kevorkian"
Commissioner

FUELS AND THE FUTURE
Thomas Maddock
Public Adviser
Stephen Rhoads
Executive Director

California must promote fuel use efficiency, develop improved
technologies and encourage the use of cleaner, alternative fuels.
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Kent Smith
Deputy Executive Director
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General Counsel
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TRANSPORTATION AND ENERGY
The evolution of California's transportation system depends on
new technologies, efficiency improvements, land use patterns
and transportation practices.
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Nancy Deller, Deputy Director
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•when this report wa s adopted in
1989, the Energy Commission consisted of Charles Imbrecht, Chairman;
Barbara Crowley, Vice Chair; Warren
D. Noteware; Robert Mu ssetter; and
Richard Bilas. Art S. Kevorkian was
appointed in January 1990, replacing
Warren D. Noteware when hi s term
expired .

MANAGING ELECTRICITY SUPPLY AND DEMAND
Powerful forces are changing the electricity
industry in California.
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RECOMMENDATIONS
Guidelines for addressing the energy challenges
facing California.
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ON BEHALF OF THE ENERGY COMMISSION

TO GOVERNOR GEORGE DEUKMEJIAN AND MEMBERS OF THE CALIFORNIA LEGISLATURE:
As required by law, the California Energy Commission has updated California's energy
policy. This policy, which is described in California's Energy Agenda, focuses on the economic
and environmental problems associated with our growing dependence on oil. It also recognizes the growing importance of environmental considerations in planning for California's energy future.
The Persian Gulf conflict is a persistent reminder that California must aggressively develop diverse fuels and efficient vehicles for its transportation system. This effort can only
be accomplished through the integrated development of state and local government policies
affecting transportation, air quality, and energy use.
While we have successfully diversified the state's system for providing electricity, our
mechanisms for choosing future electricity resources are undergoing great change. Our
planning must be adapted to an increasingly competitive electricity market and must provide
access to regional supplies of electricity and natural gas in order to assure a reliable, affordable, and environmentally sound energy mix for California. Furthermore, we must redouble
our pursuit of new energy technologies which hold great promise for the future.
Barbara Crawley

Vice- Ckc ~K

Robert MusseHer
Comm iSSIOner

Richard A. Biles
Commissioner

ArtS. Kevorkian
Comm•sstcner

Finally, it is likely that the 1990s will be a decade of heightened environmental awareness.
While the scientific community continues to debate the climatic impacts of our energy use,
it must be remembered that our cheapest and most benign source of energy is making use
of that which we now waste. Currently, both Japan and Germany consume half as much
energy to produce the same amount of goods as the United States. If California hopes to
remain economically competitive in the world marketplace, we must recognize the value of
energy efficiency. Many dollars can be saved and many environments can be protected by
not having to produce the energy we now waste.
California's energy policies and programs have served as models for similar efforts
throughout the world. While we can be proud of our accomplishments, challenges still
remain. California's Energy Agenda provides a policy framework for confronting these challenges, and maintains California's role as a guiding force in the world's energy community.

MESSAGE FROM THE GOVERNOR

TO MEMBERS OF THE CALIFORNIA LEGISLATURE AND THE PEOPLE OF CALIFORNIA:
Over the past eight years we have built for California a lasting energy legacy. Since 1983
the state has approved the construction of 21 new power plants, and has laid the regulatory
groundwork for hundreds of new and "independent" energy projects. California leads the
nation in accurately forecasting energy demand and supply, and our programs for buildings
and appliances have become the basis for new national energy efficiency standards.
We have also forged new alliances with local governments and the business community.
More than $100 million has been made available for improving the energy efficiency of
schools, hospitals and farms throughout the state, and nearly $50 million has been distributed to private citizens and large industries alike to encourage the development of new
energy technologies. Our partnerships with major oil companies, auto manufacturers and
energy utilities have demonstrated that natural gas, methanol, ethanol and electricity are
viable alternatives in the transportation sector.
Because of our unwavering pursuit of new technology, California's energy successes are
truly global in their scale. Most of the world's capacity for producing solar, wind and geothermal energy is now located within our state. By exporting these technologies, we have
created thousands of new jobs and billions of dollars for our state's economy.
During the decade of the 1980s, we achieved our principal energy goal - to create for
California the world's most diverse array of energy options. By virtue of this diversity our
state is now better protected from unexpected swings in the price and availability of energy.
On October 17, 1989, at 5:04p.m., our diversity policy was put to the ultimate test. In
just a few short minutes the Lorna Prieta earthquake interrupted service to 1.4 million electric
customers throughout the San Francisco Bay area and portions of Santa Cruz County . Within
48 hours all but 26,000 of these customers had their power restored, and electric service was
fully restored a few days later.
While we are proud of the many new electricity suppliers and resources which were
available during this period of unprecedented need, we must now move forward and face a
new challenge. California's Energy Agenda builds upon our past successes to prepare us for
this challenge. It expands our energy diversity goal in hopes of providing a more secure
energy future for Californians today and in the years to come.
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SUMMARY

A.

we enter the 1990s, California is expected to increase its dependence

on petroleum fuels - despite recent events in the Persian Gulf. It is also confronted
with new environmental challenges due, in large part, to the way we use petroleum
and other fossil fuels to support our economy. If our economy is to remain com-

petitive, California's energy policies must play a major role in meeting these environmental challenges and
reducing the state's dependence on petroleum fuels.

FUELS
Oil, the state's primary
fuel, accounted for 54 percent of California's total
energy demand in 1987;
about three-quarters was
used for transportation .
Total oil consumption is
expected to increase as our
population grows. California's oil supplies, now provided equally from instate
and Alaskan production,
are expected to decline
slowly over the next 20
years, forcing the state to
import more foreign oil

to make up the difference
and to meet increasing
demand.
U.S. oil imports from
the Middle East increased
substantially from 1986
through 1990. Now, our nation is being victimized by
another oil crisis. U.S. oil
imports, already at about
40 percent of total consumption, are expected to
rise to more than 50 percent by the mid 1990s. The
recent disruption in U.S.
oil supplies is likely to impact California's economy.
Natural gas provided
for 31 percent of the
state's energy needs
in 1987. California
produces about 20
percent of the
natural gas it
consumes,
importing
the rest

from the Southwestern
states and Canada.
Supplies are expected to
remain generally adequate,
although gas pipeline ca-

Today, California is better prepared to manage an
energy shortage than it
was during the 1970s and
early 1980s, based on its
Energy Shortage Contingency
Plan. This plan, which has
been extensively tested and
recently updated, is coordinated with actions at the
local, state, regional, and
federal levels.

TRANSPO RTATI 0 N
pacity may be inadequate
during high demand
periods .
Future use of natural gas
and oil in California may
be affected by continued
oil market vulnerability,
changing relationships
between oil and gas prices,
increasing environmental
constraints, and a shift to
market sensitive gas regulatory policies.

The transportation sector
in California uses more oil
than the state produces, and
the state's consumption of
gasoline exceeds that of all
countries except for the
United States and the Soviet
Union.
California's transportation activity is expanding
faster than its population,
and the rate of improvements in vehicle fuel econ-

omy has slowed. Significant
future growth in demand
for transportation fuels is
expected if present trends
continue.
Past improvements in
vehicle emissions control
technologies have significantly reduced transportation emissions; however,
transportation-related pollution levels still contribute
significantly to violations
of ambient air quality standards in many urban areas
of the state. And, as with
fuel economy improvements, future growth in
the number of vehicles will
overcome these emission
control gains.
A variety of efforts are needed to
address the problem of continuing
growth in transportation demand
for petroleum
fuels . Some of the
strategies to address these problems include
improved fuel
economy, increased use of
alternative fuels,
the use of alternative modes of
transportation,
and changes
in land use
patterns.

ELECTRICITY
California's electricity
demand is expected to increase about 2.1 percent
annually over the next
decade, doubling the
growth rate of the early
1980s. Commerce has outpaced homes and industry
as the largest and fastest
growing electricity user. In
contrast to the rising prices
of the early 1980s, average
electricity costs are stable
at about eight cents/kilowatt (kWh).

Since 1987, 3,600 megawatts (MW) of new capacity
has been added to California's
supplies, and construction
of an additional 3,000 MW
of capacity has been avoided
through energy efficiency
investments.
Currently, California
has a diverse supply system which provides many
options for meeting future
electricity needs, including
independent small power
producers and out-of-state

power, in addition to traditional utility-owned
resources.
However, California
faces a number of issues
in making choices about
future electricity supplies,
including increased competition among suppliers and
mounting environmental
concerns about the use of
fossil fuels to generate
electricity .

ENVIRONMENTAL
CHALLENGES
Our reliance on fossil
fuels presents major environmental challenges as
we enter the 1990s. Air pollution is continuing in and
around our expanding urban areas. Climatic change,
possibly due to a worldwide
build-up of atmospheric
carbon dioxide (C0 2 ) and
other gases, is becoming a
potential long-term threat
to our environment. Emissions of chlorofluorocarbons
(CFCs) are also contributing
to the breakdown of the
earth's protective ozone
layer.

KEEPING
CALIFORNIA
COMPETITIVE
California has led the
nation in developing and
using innovative approaches
to produce and use energy
more efficiently. The environmental challenges we

face in California, and the
need to reduce our dependence on petroleum fuels
and remain competitive,
will require that we continue to change the ways in
which we produce and use
energy. We can help to
meet these challenges by
using new clean and efficient technologies for generating electricity, new and
cleaner alternative fuels,
and more efficient
energy consuming technologies
for transportation
and other uses . •
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The environmental chal-

lenges and economic opportunities California faces today are
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competitive, California must ad-
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dress its history of transportation-
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global. To remain economically

related energy problems and
air quality issues.
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ENERGY, THE ENVIRONMENT AND
A COMPETITIVE ECONOMY

nergy supply and consumption are critical to
maintaining a competitive economy. California's economy, the sixth largest in the world, continued to grow
at a rapid pace in 1989. However, as California enters
the 1990s, our economy faces increased global competition, and our dependence on foreign petroleum fuels
is increasing. We are also confronted with new environmental challenges due, in large part, to the way we
use petroleum and other fossil fuels.
As our urban areas expand, regional air quality in
many parts of the state continues to fail to meet both
state and federal emissions standards. Although there
is no clear consensus, some scientists believe that fossil
fuels combustion is altering our global climate. Chemical emissions from refrigerants, insulation, and other
materials are causing atmospheric ozone depletion. If
our economy is to remain competitive, California's energy policies must play a major role in meeting these
environmental challenges and reducing the state's
dependence on foreign petroleum fuels.
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CALIFORNIA'S
ECONOMIC
GROWTH
In terms of jobs, population, personal income and
the value of manufacturing
production, California is
projected to grow faster
than the U.S. during the
1990s and into the early
twenty-first century. The

state's expanding economic
base, led by growth in service industries and high
technology manufacturing,
is fostered by California's
proximity to expanding
markets in the U.S. and Pacific Rim areas. The state's
strong base in technology
applications, and the size
and diversity of its labor
and consumer markets,

are also important factors.
To realize further economic gains, California
must maintain affordable,
reliable and environmentally sound energy supplies
and energy use technologies. To remain competitive in a world economy,
California must also increase its energy efficiency,
and encourage the develop-

•

Almost half of the oil

consumed in California today
comes from Alaska.

ment and use of new
technologies.

CALIFORNIA'S
ENERGY
CONSUMPTION
Since 1975, California
has made significant improvements in energy efficiency, and has promoted
the development of new
and improved energy technologies. Although energy
conservation played a major
role in reducing California's
oil consumption following
the energy crises of the
1970s and early 1980s, the
state is now steadily increasing its reliance on petroleum fuels. This trend
has resulted mainly from
lower oil prices over the
past several years.
California's consumption
of natural gas and electricity
has also significantly increased during this time
period. Fifty billion dollars
was spent in the state for
energy in 1989.
Oil. As the state's primary fuel, oil accounted for
54 percent of California's
total energy demand in
1987. About three-quarters
of the oil consumed was
used for transportation
(as shown in Figure 1-1).
Twenty-two percent of the
oil was used in commerce
and industry. As a component of our energy budget,
oil is expected to decline to
50 percent by 2007, but
total consumption is ex-

CALIFORNIA
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pected to increase as our
population grows.
Half of the oil consumed
in California today is produced in state, with most
of the remainder coming
from Alaska. Both sources
are expected to decline
slowly over the next 20
years. This will force California to import increasing
amounts of foreign oil to
make up the difference
and to meet the growing
demand.
The United States has
entered the 1990s more
dependent on imported oil
than at any time since before the oil supply disruptions of the 1970s. Although
oil supplies today are ample, increasing U.S. imports from the Middle East
during 1986-1989 have
heightened awareness of
our nation's vulnerability
to another oil crisis. U.S.
oil imports are expected to
increase from about 40 percent today to more than 50
percent by the mid-1990s.
Any disruption in U.S. energy supplies will directly
impact California's economy, with price increases
contributing to unemployment and stifling economic
activity.
Today, California is better prepared to manage an
energy shortage than at
any time during the 1970s
and early 1980s. Since 1983,
California has had a comprehensive plan to mitigate
the impacts of petroleum,
natural gas, or electricity
shortages. This plan was

tested and revised during
1988, and has been updated and coordinated at
local, state, regional, and
federal levels.
Natural Gas. Thirty-one
percent of the state's energy
needs in 1987 were met by
natural gas. About a quarter
of that amount was used
in the residential sector.
Thirty-five percent was
used for electricity generation, and 41 percent was
consumed in industrial and
commercial applications.
In the future, additional
electric utility and industrial use will account for
any major increase in gas
consumption, with commercial and residential use
stabilizing. Natural gas
will continue to supply
about the same proportion
of the state's energy needs
over the next 20 years.
California produces
about 20 percent of the natural gas it consumes, importing the rest from the
Southwestern states and
Canada. Although out-ofstate supplies are expected
to remain generally adequate in the near term, gas
pipeline capacity must be
increased for periods of
high demand.
Future use of natural gas
and oil in California may
be affected by a number
of factors. These include
continued oil market vulnerability, changing relationships between oil and
gas prices, increasing environmental constraints on

oil and gas use, and a shift
to market sensitive gas regulatory policies.
Other Resources. Hydropower, nuclear, geothermal,
solar, wind and biomass
resources, most of which
are converted to electricity,
constitute about 12 percent
of the state's energy supplies. Coal is used to meet
only about three percent of
our energy needs. Most of
it is used by out-of-state
power plants to produce
electricity for California.
Transportation. California uses more oil for transportation than the state
produces, and motor gasoline makes up more than
half of the state's transportation fuel. Used at the rate
of over a billion gallons per
month, California's consumption of gasoline exceeds that of all countries
except the United States
and the Soviet Union. The
remainder of the state's
transportation fuel consists
of about equal amounts of
diesel fuel, aviation fuel
and residual oil.
California's transportation activity is expanding
faster than its population.
Since 1970, the state's population has grown by about
40 percent, while the number of motor vehicles has
increased by 75 percent.
According to California
Department of Transportation estimates, the number
of vehicle miles traveled
has doubled in the past 20
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Since 1970, the state's population has grown by about 40 percent, while the number of motor vehicles

has increased by 75 percent.
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A 30 percent increase in commercial air passenger activity

between 1984 and 1987 has contributed to significant growth
in transportation fuel demand.

years. Growth in motor
vehicle fuel consumption
during the same period
was closer to the rate of
population growth, due to
substantial improvements
in the fuel efficiency of the
automobile fleet. More recently, the rate of improvement in fuel economy has
slowed. In addition, new
vehicle fuel savings are
being overshadowed by the
increased miles traveled,
resulting in new record
levels of gasoline consumption each year, accompanied
by growth in diesel fuel use.
A 30 percent increase in
commercial air passenger
activity between 1984 and
1987 has also contributed
to significant growth in
transportation fuel demand. Total transportation
energy use has increased
over five percent per year
since 1982. Significant future growth in demand for
transportation fuels is expected if present trends
continue.
Improvements in vehicle
emissions control technologies made in the last 10
years have significantly
reduced transportation emissions levels. Transportationrelated pollution levels still
contribute significantly to
violations of air quality
standards. As with fuel
economy improvements,
future growth in the number of vehicles and miles
traveled could also overcome these emission control gains.

A variety of efforts are
needed to address the problems created by increasing
transportation use of petroleum fuels. Some of the
strategies being pursued
include further improving
fuel economy, increasing
use of alternative fuels,
using alternative modes of
transportation, improving
highway system efficiency
through new technologies,
and changing land use
patterns.
Electricity. California's
growing population and
economic expansion are
raising electricity demand .
Demand is expected to
increase about 2.1 percent
annually over the next
decade, at least doubling
the growth rate of the early
1980s.
Commerce has outpaced
homes and industry as the
largest and fastest growing
electricity user, accounting
for three-fifths of the total
growth. This jump in
growth stems from both
new business activity and
increasing electricity use
for office computers, communications and related
equipment. One-third of
the growth in peak demand
for electricity is attributed
to increasing air-conditioning needs. In contrast to
the rising prices of the
early 1980s, average electricity costs are currently
stable at about eight cents/
kWh.
Between 1989 and 1992,
utilities will build 224 MW

of dependable capacity and
purchase an additional
1,800 MW from qualifying
facilities. The need for an
additional 2,500 MW of capacity will also be avoided
through energy efficiency
investments and selfgeneration.
Currently, California
has a comfortable surplus
of electricity-generating
capacity, and a diverse
supply system with many
options for meeting future
needs. Independent small
power producers are growing as a share of the state's
generation resources . Outof-state power will continue
to be available to keep average electricity costs relatively stable.
California faces a number

of issues in making choices
about future electricity supplies, including increased
competition among suppliers and mounting environmental concerns about
fossil fuel use.

ENVIRONMENTAL
CHALLENGES
As we enter the 1990s,
our reliance on fossil fuels
as the primary source of
energy presents major environmental challenges.
Air pollutants, which combine to form ozone and
acid deposition, continue
to create poor air quality
conditions in and around
our expanding urban
areas. Climatic change,
possibly due to a world-

•

Violations of air quality

standards continue in most metropolitan areas of California.
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wide build up of atmospheric carbon dioxide
(C0 2) and other gases, is
becoming a potential longterm threat to our environment. Chlorofluorocarbons
(CFCs) released from the
manufacture or decomposition of refrigerants, insulation and other materials
are contributing to the
breakdown of the earth's
protective ozone layer in
the upper atmosphere.
This may also add to the
threat of climatic change.
Regional Air Quality
Problems. Violations of air
quality standards continue
in most metropolitan areas
of the state. Poor air quality, and its impact on the
environment, is now a fact
of life for 80 percent of California's population. The
South Coast Air Quality
Management District
(SCAQMD) estimates that
the South Coast Basin's air
pollution damage costs to
health, materials, forests,
agriculture and visibility
amount to about $7.4 billion annually.
The federal Environmental Protection Agency (EPA)
has invoked construction
moratoriums for major
emission sources in Los
Angeles, Ventura and Sacramento Counties to prevent further air quality
degradation. The EPA
could also withhold federal
funds for highway and
sewer construction if significant progress toward
meeting air quality stan-
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dards is not made in
California.
Air quality problems related to economic growth
and increased energy use
are fueling concern among
the state's policy makers
and major businesses.
At legislative hearings,
Lockheed, Chevron, Bank
of America, Pacific Gas
and Electric Company and
other major companies expressed concerns about air
quality degradation and
other environmental problems. Recognizing that
California's continued economic prosperity depends
on major investments to
effectively address environmental concerns, these
companies have called for
more active involvement
by state and local governments in developing solutions to these problems.
With the worst air quality
in the nation, the SCAQMD
is the first air district in
California to adopt a new
strategy to meet air quality
standards. The District's
plan calls for: increasingly
strict controls on both mobile and stationary emissions sources; the use of
alternative fuels; the possible replacement of many
emissions sources by electrification; aggressive energy conservation measures;
the phaseout of oil and solid
fuels; and the increased use
of more efficient transportation technologies, including mass transit.
These measures will all
require major changes in

;_-_
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the way we use energy in
our economy. The success
of the SCAQMD plan, and
other plans which may be
developed in the near future, will require extraordinary cooperation between
business, government and
the private citizens of our
state.
Global Climate Change.
There is a growing concern
among some scientists that
rising levels of C0 2 and
other trace gases released
to the earth's atmosphere
by man's use of fossil fuels
could affect global temperatures. Other researchers
believe that the climatic
data base available at this
time is inadequate for
reaching such a conclusion.
This split in the scientific
community has raised new
uncertainties about the
timing and magnitude of a
temperature change, as
well as its likelihood.
Energy policy actions in
response to a possible climate change must be based
on a thorough examination
of the facts. In this regard,
California state government
is taking action to better
understand the effects of
a climate change on our
state. At the direction of
the California Legislature
(AB 4420-Sher), the Energy
Commission is coordinating an evaluation by key
state agencies of the potential impacts to California in
the event of a temperature
increase. An interim report

identifying these potential
impacts was released by
the Commission in 1989.
The report concludes that
the risks and consequences
of global warming, including potential impacts on
electricity generation and
use, regional air quality,
and the state's economy,
are great enough to warrant a detailed examination
of possible policy measures.
However, until this examination is complete and a
final report is issued, it is
inappropriate for the Commission to recommend specific actions designed to
address a potential shift in
the global climate.
Regional environmental
and energy security concerns have already made
reducing fossil fuel use important for California. Future strategies to minimize
the impacts of an increase
or decrease in temperature
is likely to tie in well with
the state's environmental
and energy security policies. The efficient use of
fossil fuels in our transportation and electric generation sectors, consumer
adoption of energy conservation measures which are
already cost-effective, and
the maximum utilization of
existing hyrdoelectric facilities located throughout the
western U.S. can all work
to reduce future emissions
of C02 and other gases.

Ozone Depletion. The
ongoing depletion of the
Earth's protective ozone

layer, resulting from emissions of CFCs and other
chemicals, has been more
clearly documented. CFCs
are used in a number of applications, including aerosol sprays, foam cushions,
cleaning solvents, polystyrene containers, rigid foam
insulation, and coolants for
refrigerators and air conditioners. The United States
and Western Europe produce about three-quarters
of the CFCs used worldwide.
Although a 1987 international treaty, now ratified
by over 40 nations, calls for
a 50 percent reduction in
CFC production by the
year 1998, new information
indicates that the magnitude of ozone depletion is
even greater than previously expected.
Both the U.S. and Western Europe have recently
agreed to ban production
and use of CFCs by the end
of the century, and are encouraging other countries
to join in that effort. To
eliminate CFCs, other
chemicals will need to be
used in their place.
Existing California law
prohibits the manufacture
and sale of specified CFCs
such as aerosol propellants,
but does not otherwise
regulate them.
As key ingredients in
refrigerant fluids and insulation, CFCs and their
impact on the environment
are important to the Commission. The elimination
of CFCs from these energy
technologies would help

KEEPING
CALIFORNIA
COMPETITIVE
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The less business and industry pay for energy, the more they have

to invest in jobs, new products, and increased production.

reduce the ozone depletion
problem. However, this
will result in decreased
efficiencies in the affected
appliances unless effective
substitute chemicals are
found. Because of this, the
Commission is currently
cofunding research to reduce or eliminate the use
of CFCs, while maintaining or increasing the efficiency of refrigerators and
air conditioners.

California has led the
nation in developing
and using innovative approaches to produce and
use energy more efficiently.
The state has saved impressive amounts of energy
through its efficiency programs over the last decade.
As a whole, California
spent $15 billion less for
energy in 1986 than it
would have if efficiency improvements had not been
made.
Compared to 1977 trends,
the state used 10 percent
less electricity in 1988 than
it otherwise would have,
and 13 percent less natural
gas. Without the efficiency
induced by government
and utility programs, the
state would be using 16
percent more electricity
and 21 percent more gas in
1999 than is now expected.
These savings enhance
the state's economy by reducing production costs
and increasing the security
of energy supplies vital to
production. The less business and industry pay for
their energy use, the more
dollars they have available
to increase productivity
and invest in new products.
Business can also avoid rising costs for pollution control through more efficient
energy use.
The development of new
generation technologies
and more efficient energy

use technologies has also
contributed significantly to
the growth of California's
economy over the last
decade. From 1981 to 1985,
California's energy services
and technology manufacturing industry created
30,000 new jobs. In 1985,
it generated a peak annual
income of $69 billion as the
state's highest revenue producing sector for that year.
The industry has also expanded into foreign markets, adding to California's
economic competitiveness
in the world economy. The
Energy Commission is
conducting a program to
facilitate further energy
technology export ventures
between California companies and foreign governments and private interests.
Continued research and
development of new technologies and alternative
fuels is needed to overcome
our reliance on petroleum
imports and reduce the air
quality impacts of fossil
fuel use. Ongoing progress
in long-term research and
development is currently
hindered by low oil prices
and a significant reduction
in federal funding of such
programs.
Much of the trend to
smaller and short-sighted
budgets is a result of the
perception that energy
supplies are generally adequate with stable prices .

However, many of the new
technologies and fuels that
can make fundamental improvements to California's
energy system are likely to
require research and development over a long time
period.
If we do not make fundamental changes in the way
we use energy now, options will not be available
when we need them. Such
a long-term research and
development strategy to reduce our use of fossil fuels
is described in the Commission's 1988 Energy Development Report and the
1988 Conservation Report.
The environmental challenges we face in California, and the need to reduce
our dependence on petroleum fuels, require significant changes in the way we
produce and use energy.
We can meet these challenges by using clean and
efficient technologies for
generating electricity,
new and cleaner fuels, and
more efficient energy technologies in transportation,
buildings, appliances, and
other equipment.
This approach can help
California improve the
state's environmental quality and maintain a position
of leadership in the world
economy.

•

Oil derricks (pictured

be-

low) crowded residential areas
of Los Angeles in the 1890s.
Much of the Energy Commission's focus in recent years has
been on expanding the use of
non-petroleum fuels such as
methanol to replace gasoline .
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and natural gas provide nearly 85 percent

of the energy used in California. Prices and supplies
of these fuels tend to run in cycles. Currently, natural
gas supplies are competitive and appear politically
secure. If California adds to its gas supply sources and
pipeline network in the years to come, the long-term
outlook for gas remains optimistic. In contrast, the outlook for oil supplies is troubling, with an anticipated
long-term trend toward increasing vulnerability to oil
market disruptions.
There is a growing awareness that combating the
health and environmental impacts of fossil fuel use
may increase the cost and restrict permissible uses of
oil and gas in the future. Both environmental and economic considerations justify greater efforts to promote
fuel use efficiency, develop improved technologies,
and encourage the use of cleaner, alternative fuels.

e

I
,-~-

OIL MARKET
VULNERABILITY
The dominant features
of the world oil market,
and expectations of future
market evolution, have
changed little since publication of the Energy Commission's 1987 Biennial
Report, California's Energy
Outlook.
New oil discoveries, primarily in OPEC countries,
may provide adequate
world reserves through the
middle of the next century.
Rising U.S. and worldwide
oil consumption, coupled
with declining production
in the U.S. and some other
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areas outside OPEC, may
eventually enable OPEC to
regain much of its former
control over oil prices.
Therefore, California's vulnerability to oil supply disruptions and sharp price
increases will be much
higher in the 1990s and
beyond.
Among most experts, the
question is not whether oil
supplies will tighten and
prices rise, but rather how
soon it will happen, and
how long the trend will
continue. Given this situation, the Energy Commission recommended in its
1987 Fuels Report several actions to reduce California's

__-_:_____-

vulnerability to oil market
disruptions:
e California should support the substitution of gas
for oil where possible, particularly for thermallyenhanced oil recovery.
e California should fund
and support research on
enhanced oil recovery in
the areas of technical and
environmental constraints,
fiscal and tax policies, and
marketing problems.
e California should continue to support increased
research on transportation
technologies and alternative transportation fuels.
e The federal government
should increase the fill rate
and maximum size of the
U.S. Strategic Petroleum
Reserve.
e The federal government
should not develop standby
oil price and allocation
controls, which could
hinder rather than facilitate
responses to petroleum
disruptions.

FUEL PRICE
UNCERTAINTY

•

A disruption of U.S. oil

supplies can directly impact
consumer prices and stifle
economic activity.

Prior to the recent IraqKuwait conflict, most longterm oil price forecasts
were significantly lower
than forecasts of two or
three years ago. That is, in
part, because lower prices
had not yet significantly
eroded total non-OPEC oil
production, as previously
expected.
Nonetheless, the Energy
Commission and others

correctly predicted an upward, erratic trend in oil
prices. As we have seen
once again, oil price forecasts are notoriously
uncertain because of unpredictable geo-political
events.
In order to allow for future oil price uncertainties,
policy should be flexible.
One method of policy development is to use multiple oil price scenarios. By
covering a range of "futures," planners could
identify and analyze the
potential consequences of
critical uncertainties.
In recent years, forecasters and policy makers have
recognized the value of
using scenarios to analyze
uncertainty about the future. The Energy Commission intends to increase its
use of the scenario technique in price forecasting,
even if it must continue to
use "best" or "most likely"
forecasts for some purposes.
In addition to oil price
uncertainty, the future relationship between oil and
natural gas prices is likewise
unclear. Until recently, oil
and gas prices have tended
to rise and fall in close relationship to each other.
The relaxation of state and
federal gas regulations and
increased competition in
the gas industry indicate
that historical price relationships may not be a
good guide to the future.
At this point, no consensus
exists on whether long-term

gas prices will tend to be
less than, approximately
equal to, or higher than oil
prices.

EXPANDING THE
GAS SUPPLY
SYSTEM
Total gas demand in California is expected to continue growing. Meanwhile,
availability of competitivelypriced gas from California's
traditional supply areas in
the Southwestern U.S. is expected to decline. These
trends will necessitate increased access by California to new supply areas,
including construction
of additional interstate
pipelines.
New Gas Supplies.
There are numerous gas
supply areas which may
provide new opportunities
to the state for attractively
priced gas in the future.
Accurate estimates of supply and costs are difficult
to produce because of outstanding uncertainties. In
contrast to the situation of
10 years ago, the gas supply outlook is improving.
New Gas Pipelines. Except for the development of
some modest gas supplies
in offshore Southern and
Central California areas,
no new gas pipelines to
California have been built
in about 25 years. New
pipeline capacity is needed
soon, as demonstrated by

an unexpected summer
curtailment of gas service
in Southern California in
1988. Curtailments usually
occur in winter, when gas
demand is highest.
Government policies or
regulations seeking to substitute gas in place of oil
for environmental reasons
will advance the need for
new gas pipeline capacity.
In fact, the South Coast Air
Quality Management District (SCAQMD) proposal
to effectively phase out oil
use in the South Coast Air
Basin may be infeasible unless gas pipeline capacity
to Southern California is
increased.
Several competing proposals now exist to build
interstate gas pipelines to
California. Proposed pipelines would originate in
Canada, Wyoming, and
the Southwest. Some projects may primarily serve
enhanced oil recovery customers in Kern County,
while other projects may
serve broader customer
groups, principally in
Southern California.
The Commission has
closely followed the pipeline capacity issue since
the first proposals surfaced
more than four years ago.
During this period the
Commission has held several public hearings to investigate issues raised by
the proposals.
The Commission recognized early that the benefits to California might
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New pipeline capacity is

needed soon to avoid unexpected curtailments of gas
service in the future.
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well outweigh the costs of
building one or more new
pipelines, even if the pipelines were limited to serving
the enhanced oil recovery
market. In its 1987 California's
Energy Outlook, the Energy
Commission recommended
that market forces should
be allowed to determine
whether an interstate pipeline
be built ... At that time, all
proposals were limited to
serving the heavy oil production market in Kern
County.
More recently, the Energy
Commission staff estimated
the effects on the California gas market of a wide
range of alternative interstate pipeline projects,
using a newly developed
North American Natural
Gas Model. In all cases
examined, the analysis
showed that construction
of additional pipeline capacity to California would
provide positive total economic benefits to the state.
Distribution of the benefits
among consumer groups
depends on the route of
new pipeline construction.
II • • •

II

GAS REGULATORY
POLICIES
A continuing shift to
market-sensitive regulatory
policies in California and
at the federal level is altering traditional gas industry
structure and practices. In
May 1988, the California
Public Utilities Commission (CPUC) inaugurated a
new California gas regula-

tory structure, several years
in the making. Its key feature is the division of gas
sales and gas delivery into
separate services. This enables large gas consumers
to buy gas from any of a
number of sources and
have the local utility deliver the gas for a fee.
California's major gas
utilities are now delivering
large volumes of customerowned gas, although not
without some start-up
problems.
Recent curtailments of
gas service in Southern
California exemplify some
of the regulatory problems
that have developed in the
transition to a more competitive gas market. The
problems which arose as a
result of curtailments indicate that the CPUC needs
to further clarify the utilities' obligation to serve gas
users who have competitive
alternatives.
California's gas utilities
should provide the type
and quality of gas supply
and transportation services
that gas users want and are
willing to pay for. Until
California's pipeline delivery system is expanded,
the CPUC will need to
establish specific policies
which address the role of
economic factors in allocating access to existing pipeline capacity. The CPUC
should also establish guidelines for utilities to incorporate the air quality value
of natural gas in their gas
purchasing decisions.
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Historically, energy short-

ages have been caused by manmade events such as oil spills,
war, terrorism, sabotage,
embargo, or natural disasters.
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To help address gas system reliability problems,
the CPUC recently ordered
Pacific Gas and Electric
Company and Southern
California Gas Company to
offer underground gas storage service for customerowned gas. The CPUC has
also moved forward with
further refinements to the
new regulatory structure,
including developing ways
to improve access to and
reliability of pipeline delivery service.
The Federal Energy Regulatory Commission is also
making interstate pipeline
regulations more marketresponsive. Federal gas regulatory revision, however,
lags behind California's
actions in some important
ways. These include the
provision of nondiscriminatory access to pipeline
capacity and underground
gas storage services.

CONTINGENCY
PLANNING
Historically, energy
shortages have been caused
by man-made events such
as oil spills, war, terrorism,
sabotage, embargo, or natural disasters. As demonstrated by the October 17,
1989 earthquake in San
Francisco, major temblors
in the state's heavily populated areas can seriously
disrupt essential services,
and threaten public health,
safety, and welfare. While
contingency planning activities have emphasized
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petroleum shortages, the
Energy Commission recognizes the devastating effect
of natural events, such as
earthquakes, fires, or floods,
on the state's electricity
and natural gas systems.
Today, California is better prepared to manage an
energy shortage than during the 1970s. State law
mandates the Energy Commission to prepare an Energy Shortage Contingency
Plan to respond to an impending shortage of energy
or a clear threat to public
health and safety. The law
requires that the Plan be
reviewed and updated at
least every five years.
Since 1983, California
has had a comprehensive
plan to mitigate the impacts
of a petroleum, natural
gas, or electricity shortage.
On December 14, 1988,
after extensive testing of
the 1983 plan, the Energy
Commission adopted its
1988 California Energy Shortage Contingency Plan .
The 1988 Plan includes
a management structure,
with phased responses, to
be carried out by state government and the private
sector. It contains standby
government programs
which correspond to the
severity of an energy
shortage or disruption.
Public information, emergency demand reduction,
economic assistance, and
petroleum fuels set-aside
programs would be implemented as needed to respond to a shortage.

Energy demand reduction programs include both
voluntary and mandatory
measures to reduce petroleum use in the transportation and industrial sectors.
Similar measures can conserve electricity and natural
gas in the utility sectors.
The 1988 California Energy
Shortage Contingency Plan
has been used as a model
for other states, and is
compatible with local and
federal emergency plans
and policies. The document calls for reliance on
the market to balance supply and demand during a
shortage, with government
intervention only as needed
to protect public health,
safety, and welfare. The
plan relies upon direct input from the state's utilities,
the petroleum industry, consumer groups, and government agencies to effectively
manage an energy shortage.
Regional Emergency Preparedness. California has
taken the lead in developing a regional approach for
responding to an energy
shortage. This approach
involves cooperation with
a number of western states
which are uniquely interconnected through an extensive network of oil and
gas pipelines and electric
transmission lines. Participating states include
Alaska, Arizona, California,
Hawaii, Nevada, Oregon
and Washington. Alaska
and California are major
oil producers, and Califor-

nia refines the majority of
the oil consumed by the
member states.
At California's invitation, the cooperating states
meet regularly to discuss
regional energy issues.
During March 1988, California invited representatives to participate in a
two-day simulation to test
the California energy
emergency plan. As a result,
ongoing communication
and information exchange
among the states has been
strengthened and improved.
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National Emergency Preparedness. At the national
level, the Energy Commission is supporting efforts
by the U.S. Department of
Energy to improve the energy preparedness of the
individual states. The Energy Commission advises
the federal government on
energy security matters,
and is assisting the National Association of State
Energy Officials in developing State Contingency
Planning Guidelines.

Commissioner Biles at the British Petroleum American drilling

facility in the Endicott Oil Field on Alaska's North Slope.

ENVIRONMENTAL
CONCERNS
Because natural gas
burns more cleanly than
oil, air quality regulatory
agencies encourage the use
of gas as a replacement for
oil. Even though it causes
pollution, gas use now is
often seen as part of the
solution rather than part of
the air pollution problem .
In the future, greater
emphasis is needed on developing non-fossil alternatives that are even cleaner,
as well as continuing to
lower emissions from gas
sources by using more efficient combustion designs
and emission control technologies. The need to reduce air pollution may
require increased gas use
in the near and mid-term,
but decreased gas use in
the long-term.
Stronger environmental
st~mdards will increase the
direct costs of using fuel, in
return for reducing indirect
health and environmental
costs. In some cases, most
notably in the South Coast
Air Basin, the use of oil
may be eliminated. Whether
or not we reach that point,
stronger environmental
standards will have important and widespread effects
on the way we use oil and
gas in our economy.

TECHNOLOGY
DEVELOPMENT
Strategies for addressing
energy and environmental

goals should include costeffective energy efficiency
improvements, clean alternative fuels, and the development of cleaner, more
efficient technologies for
energy production and use.
Technology development
strategies addressing fuelsrelated environmental concerns are described in the
Energy Commission's 1988
Energy Development Report.
The Energy Commission
encourages further development of technologies
which improve the efficiency of fossil fuels production, refining and use,
or which provide alternatives to the use of fossil
fuels.
To help reduce California's vulnerability to foreign oil disruptions, new
technology is needed to expand the development and
production efficiencies of
California's oil fields while
reducing related emissions.
A major portion of the
state's indigenous oil resources are heavy and
thick, and must be heated
to be extracted. This technique is called "thermally
enhanced oil recovery."
Typically, 25 to 35 percent
of the crude oil is burned
to produce this heat as
steam. Improved fuel
burners, downhole steam
generators, and chemical
diluting agents can all
reduce fuel requirements.
These three approaches
could increase the effective
production of California's
indigenous crude oil and
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reduce air pollutant emissions per barrel of oil produced . All three require
further technical development before they can be
widely applied.
Solar thermal energy
technologies, now used in
demonstration projects,
represent another promising approach to increased
production efficiency and
reduced emissions. The
use of solar thermal energy
could increase the net
production of California's
heavy crude oil by as much
as 50 percent. There are
constraints limiting the use
of these solar energy technology applications. These
include the prevailing low
cost of conventional fuel,
high capital costs of solar
technologies, and wildlife
habitat concerns associated
with the large amounts of
land needed.
In the area of natural gas,
technology development
efforts are focused on enduse technologies, partially
because there appears to be
less supply vulnerability
for gas than for oil. Technologies under development include: improved
combustion techniques;
natural gas-fired vehicles,
air conditioners and heat
pumps; and industrial and
commercial applications to
replace electrically driven
processes. The last two use
natural gas directly to provide energy service. This
avoids the approximately
60 percent loss in energy
that results from convert-
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ing the fuel to electricity.
These technologies must
have low emissions characteristics to help address air
quality problems and their
use in critically polluted
air basins must be evaluated in terms of their
contribution to reducing
overall emission levels. The
displacement of existing
electricity uses in such
areas may be counterproductive to this effort unless
equivalent reductions of inbasin generation emissions
occur.

ALTERNATIVE
FUELS
There are a number of
alternative fuels under development, demonstration
and commercialization
which are cleaner than
petroleum. These fuels can
help address the vulnerability and environmental
concerns associated with
petroleum production and
use. They are most commonly
produced from natural gas,
petroleum by-products or
agricultural wastes.
Methanol is a liquid fuel
that can be made from a
variety of feedstocks, but is
currently produced at the
lowest cost using natural
gas. Methanol has been
used extensively in demonstrations as an alternative
to oil-based fuels, both in
transportation and electrical generation applications.
These demonstrations generally produce less reactive

-

or lower emissions of most
pollutants.
Because methanol is likely
to be almost exclusively
produced from natural gas,
it will compete with other
natural gas markets worldwide. Therefore, its production must be as efficient
as possible. Partial oxidation of natural gas is one
technology which promises to improve production
efficiency.
Other more efficient
methanol production methods under development include fluidized bed reactors
and improved catalysts.
These technologies show
promise to improve methanol production efficiency
from natural gas and from
other synthesis gas, derived from biomass and
municipal solid waste.
Ethanol is a liquid fuel
that can be produced from
municipal solid waste, biomass residues or dedicated
energy crops. Most research
on ethanol production
technologies, other than
corn milling and fermentation, has focused on the
conversion of cellulose materials. Cellulose conversion technologies have
advanced over the past
several years and may be
ready for limited commercialization in the late 1990s.
Using these new conversion technologies, pilot test
facilities have been successfully operated, but no full
scale plants have been built.
The majority of ethanol

•

Liquefied petroleum gas

could potentially serve as much
as 10 percent of the gasoline
market, offering lower fuel costs
and lower emissions.

used in California is imported from the Midwest.
Widespread production
and use of ethanol in
California could provide
a measure of economic
stability to the state's agricultural sector by creating
new market demand for
some crops. Ethanol's air
quality advantages, compared to gasoline, include
the potential for controlling
C02 emissions that may
contribute to global climate
change. Because ethanol
typically costs more to produce than methanol, California has concentrated its
interest in alcohol fuels on
methanol, as a direct substitute for gasoline and
diesel fuel.
Both methanol and ethanol are also in use as gasoline additives. These additives replace lead and other
less desirable octane additives and extend gasoline
supplies by substituting for
part of the fuel's energy. At
present, an estimated 50
million gallons of ethanol
and 12 million gallons of
methanol are used annually in California for
this purpose. The increased use of alcoholbased gasoline additives
provides another avenue
to replace gasoline with
methanol and ethanol in
existing vehicles.
Liquified petroleum gas
(LPG) is another attractive
alternative fuel for use in
California. LPG could potentially serve as much as
10 percent of the gasoline

market, offering lower fuel
costs and lower emissions.
Since LPG is a by-product
of oil and natural gas recovery and processing, its
availability will continue
to be associated with these
activities.
The use of compressed
natural gas (CNG) is also
being examined for transportation applications. Sufficient natural gas supplies
are expected to be available
to support the introduction
of significant numbers of
CNG-fueled vehicles within
the next five to 12 years.
CNG appears to offer one
of the best options for reducing emissions of reactive hydrocarbons and
carbon monoxide from existing automobile engines.
Although hydrogen
could be the most environmentally preferred of the
alternative fuels, its development and commercialization as an energy source
is furthest from being
realized.
Today, hydrogen is produced mostly from natural
gas, through chemical
processing. However, its
ultimate environmental
advantage involves production by splitting water into
its component elements,
either electrically or thermally. Present research
and development activities
focus on reducing the high
costs of hydrogen production, especially through applications of solar energy.
As California enters the
1990s it will be consuming

greater amounts of imported
petroleum fuels, and increasing its economic vulnerability to future fuel
shortages over which it has
little control. The state will
need to remain vigilant in
planning for and reacting
to such shortages.
At the same time, California should support and
encourage the development
of a variety of alternative
fuels in order to reduce its
long-term dependence on
fossil fuels. Increasing environmental constraints on
the use of petroleum fuels
in California will add to
the need for reducing our
use of petroleum, other
fossil fuels and their
by-products.
Ample supplies of natural gas, expected to be
available through the end
of the century and beyond,
and its cleaner burning
characteristics, point to the
use of gas as a significant
part of a short- to mid-term
solution to California's petroleum dependency and
air pollution problems. As
a long-term solution to its
fossil fuel use problems,
including petroleum
dependence, California
needs to diversify its fuel
supplies and support the
development of more
efficient and cleaner fuel
production and fuel use
technologies.

•

California's love affair with the car is decades old (photo below)

and traffic congestion is nothing new. Concept cars like this Sunraycer
from General Motors (photo right), provide a test bed for engineers
to create cars of the future .
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TRANSPORTATION

A

AND

ENERGY

vailable transportation energy sources and

applications can contribute significantly to solving
California's problems of petroleum dependence and
poor urban air quality, as well as the larger problem of
potential climatic changes. These options are also affected by growing traffic congestion, the most urgent
problem currently confronting state transportation
planners. The evolution of California's transportation
system will depend on how we address these interrelated problems. By taking advantage of a range of energy sources, transportation technologies, efficiency
improvements, and changes in land use patterns and
individual transportation practices, California can
secure a future transportation system with desirable
environmental, energy and economic characteristics . •

PRESENT TRENDS
Continuing Oil Dependence. Unfortunately, the
penetration of alternative
fuels into the transportation energy market has
lagged behind their technological progress, largely
due to low oil prices. Consequently, California is
still almost totally dependent on oil for its transportation energy needs. The use
of alternative fuels is limited to less than one percent of the transportation
energy market in the form
of alcohol additives to gasoline and some LPG.
Only recently has the
inflation-adjusted price of
gasoline increased beyond
its 1970 level. During the
past two decades few incentives have existed to
encourage the use of alternative fuels. Inexpensive
fuel and higher vehicle fuel
economy have together
significantly reduced the
importance of the costper-mile of transportation
energy as a factor in transportation-related decisions.
Under these conditions,
motivating changes in fuel
use based solely on economic criteria is difficult.
Transportation and Air
Quality. The persistence of
poor air quality conditions
in and around California's
urban areas is prompting
regulatory actions affecting
the state's conventional
fuels. Already, SCAQMD
has proposed the phase-

out of diesel fuel and the
limitation of new fleet
purchases to low-emission
vehicles.
Other regulations, such
as one that would limit
benzene in gasoline, will
make conventional petroleum fuels more costly.
As illustrated in Figure
3-1, mobile source emissions are diminishing due
to the continuing replacement of older vehicles with
new ones featuring improved emission controls.
New, more stringent controls will assure additional
reductions, even as transportation activity increases,
at least through the end of
the century. However,
even with all this effort,
transportation emissions
will continue to contribute
significantly to violations
of ambient air quality
standards.
California's severe air
pollution problems demand even more effective
emission reductions in
order to comply with air
quality standards, and
regional and state-wide
efforts to further reduce
transportation emissions
are critically important to
that effort.
Ultimately, emission
increases resulting from
growth in vehicular travel
may reduce or eliminate
the current trend of emission reductions after the
year 2000, as shown in Figure 3-1. Therefore, the success of efforts to substitute
less polluting forms of en-
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Every day, the equivalent

of 50 person-years is spent by
California motorists in traffic
delays.

ergy for petroleum fuels
is critical to long-term air
quality improvement. If
the potential for climatic
change due to increasing
C02 emissions and other
greenhouse gases is substantiated, a greater emphasis must be placed on
transportation alternatives.

to solve the problem of
congestion. The preferred
solutions should allow
smooth transportation system operation and the efficient use of clean, reliable
sources of energy.

Transportation Energy
and Congestion. Traffic
congestion has reached
critical levels in a number
of California's metropolitan areas. Cars and light
trucks account for over half
of the state's transportation
energy use.
More Californians now
own more cars and spend
more time driving than
ever before. Every day, the
equivalent of 50 personyears is spent by state motorists in traffic delays due
to congested highway conditions. Congestion also
severely degrades vehicle
fuel economy.
The Los Angeles area is
facing critical highway
congestion problems. Other
areas, like the San Francisco
Bay Area and San Diego,
are experiencing similar
problems.
Transportation experts
acknowledge that the congested conditions will undoubtedly worsen before
any solutions can take
effect. But new highways
cannot provide a complete
answer. Fundamental
changes to current transportation practices and
technologies are needed

The Energy Commission
believes that California's
transportation energy decisions should address our
need to:
e Expand the use of nonpetroleum fuels;
e Reduce regional air
quality impacts and the
potential for global environmental effects;
e Develop alternative
transportation modes to
replace private vehicle use;
and
e Improve vehicle fuel
efficiency.

OPPORTUNITIES
FOR ACTION

Alternative Fuels. Much
of the California Energy
Commission's transportation energy focus in recent
years has been on developing alternative fuels. The
Energy Commission has
conducted over 10 years of
research and development
work on alcohol fuels, both
methanol and ethanol, as
replacements for gasoline
and diesel fuel.
Continuing assessment
of California's dependence
on petroleum fuels and related air quality problems
has prompted the Commission to expand its alternative fuels evaluation to
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include a more diversified
fuels approach. More than
20 million miles have been
logged by state-sponsored,
methanol-fueled demonstration fleets of automobiles, light trucks, and
buses.
Major auto company participation has been a key
program ingredient. Both
Ford and General Motors
have plans under way for
production of larger numbers of methanol demonstration vehicles.
Energy supply compa-

nies, including ARCO and
Chevron, also cooperate by
installing methanol dispensing facilities. As a result of these cooperative
efforts, "fuel flexible" vehicles (FFVs) have been developed. These vehicles are
capable of running on any
mix of methanol, ethanol
and gasoline.
Recent federal law allows
auto companies producing
these vehicles, or vehicles
using electricity, propane,
or natural gas, to obtain a
credit toward their compli-
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ance with fuel economy
regulations. General Motors
recently agreed to deliver
2,200 FFVs to California by
1992.

The Commission is pursuing the development of
additional heavy-duty
methanol bus and truck
models in cooperation with
engine and vehicle manufacturers, transit districts,
and trucking interests. This
includes a new "Clean
Fuels School Bus" program
designed to demonstrate
clean fuels, including

Chairman lmbrecht, President George Bush and Lod Cook,

Chairman and CEO of ARCO, dedicate the nation's first methanol
pump in Los Angeles.

methanol. To ensure sufficient fuel for all of these
efforts, the Commission
also engages in joint efforts
with methanol producers
and major energy companies to secure fuel supply
and price commitments
and to expand the state's
network of methanol
fueling stations.
CNG as a vehicle fuel
has received much attention in countries such as
Italy, New Zealand, and
Canada, and is now of
increasing interest in the
United States. Several California gas utility companies
have experimented with
CNG fleet vehicles and are
pursuing further technology and market development. Southern California
Gas Company has a number of ongoing research
and development activities
designed to provide opportunities for the increased
use of compressed natural
gas in California's transportation system: a CNGfueled school bus designed
in response to the Commission's "Clean Fuels
School Bus" program; a
dedicated CNG-fueled
transit bus design now
being field-tested by the
Los Angeles Rapid Transit
District; field-testing, in
cooperation with General
Motors, of a new CNG-conversion technology for cars
and vans; and the development of more efficient
heavy-duty engines using
CNG. General Motors,
Ford, and Chrysler are all

making plans for limited
commercial production of
CNG-dedicated vehicles.
Equipment for converting and refueling natural
gas vehicles is available
from several California
and United States companies. The Energy Commission is conducting a CNG
demonstration project
which focuses primarily
on medium-duty vehicles.
Recent progress by the
United States Department
of Energy and Electric
Power Research Institute
(EPRI) on electric vehicle
(EV) and battery technologies has prompted new
activities in California on
behalf of this option. California electric utilities,
EPRI, Electric Vehicle Development Corporation,
General Motors, and
Chrysler (Pentastar Electronics) are all participants
in current efforts to develop
passenger and cargo EVs
for commercial use in California. Meanwhile, EPRI,
Southern California Edison
and Eagle Picher Industries
are involved in a joint project to produce nickel iron
batteries (an advanced
generation battery).
Several General Motors
G-Van EVs have been built
and delivered to the California electric utilities for
testing and demonstration
purposes. The first Pentastar TE-Van EVs were
delivered in late 1990.
Working as part of a California EV Task Force, the
Energy Commission is

co-sponsoring an EV demonstration program with
electric utilities. The Energy Commission also
funds a hybrid gasoline/
electric vehicle prototype
project by the Electric Auto
Association and Stanford
University.
Liquified petroleum gas
(LPG) is also the subject
of renewed interest in the
state. A number of fleets,
including those of the The
Los Angeles Times and Sears
Roebuck Company, are
LPG users. Given LPG's
cleaner burning characteristics, its potential for
expanded transportation
applications appears consistent with state transportation energy goals .
Hydrogen is undergoing
limited testing as a motor
vehicle fuel in West Germany and other countries.
In the U.S., hydrogen fuel
is still confined mostly to
aerospace applications.
While the ultimate benefits
of hydrogen appear highly
attractive, the technology
for transportation applications is immature, and fuel
costs remain high.
Fuel Efficiency. Increasing the energy efficiency
of all forms of motorized
transportation is an important part of managing our
transportation energy
problem. Continuing progress in automotive fuel
economy is necessary to
stabilize growing gasoline
demand. Expanding fuel
economy efforts to include

heavy-duty vehicles, as
well as aviation, rail, and
marine transportation, are
necessary to control growth
in the non-gasoline portion
of transportation fuel use.
Nationwide debate is
currently focusing on the
need to improve new car
fuel economy as a strategy
for reducing our dependence on petroleum fuels.
The Corporate Average
Fuel Economy (CAFE)
standard, currently at 27.5
mpg for 1990 cars, is the
subject of numerous proposals to improve the fuel
efficiency of the nation's
auto fleet. Some CAFE advocates call for a 40 mpg
standard by the year 2000,
an increment of improvement essentially equal to

•

what has been achieved
since standards were first
adopted in 1975.
The U.S. auto industry
has argued that the additional energy savings
achieved by higher standards would not justify the
extra costs, compromises to
vehicle comfort and safety,
and impacts on domestic
auto production that would
result. Proponents of higher
fuel economy contend that
the technology to increase
fuel efficiency and maintain vehicle comfort and
safety is already available
and successfully marketed
by Japanese automobile
makers.
Ironically, traditional air
quality issues are largely
absent from this debate,

In the next few years, California will add over 2,000 flexible fuel

Luminas by General Motors to its fleet of state cars.

since vehicular emissions
are subject to independent
regulations. Emission standards for "regulated" pollutants, on a grams-per-mile
basis, are the same for all
new cars, regardless of
their fuel economy. However, there is growing
concern over non-regulated
emissions of greenhouse
gases, primarily carbon
dioxide. These concerns
could add weight to arguments for increased fuel
efficiency, since C02
emissions correlate with
fuel use on a miles-pergallon basis.
To reduce the state's
growing oil dependency,
California should actively
participate in the national
debate over fuel economy
and support higher CAFE
standards or other approaches to promote fuel
economy improvements.
While many vehicle models
with fuel economy much
higher than the CAFE standard are already available
in the marketplace, further
progress in vehicle fuel
economy is clearly possible.
Additional progress will
require further changes in
vehicle characteristics,
especially vehicle size,
shape, and performance,
perhaps restricting production of some current models.
An alternative approach
would avoid limiting the
range of automobile options available, but attach
economic penalties to
the purchase of less fuel-

FIGURE 3-1
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efficient vehicles. In this
way, vehicle purchasers
would be induced to make
decisions similar to those
they would be expected to
make under high fuel price
conditions.
Regardless of how the
regulatory approach to
motor veh ide energy efficiency evolves, the role of
technological progress is
important. Compared to 20
years ago, the current generation of new automobiles
reflects impressive advances
that literally allow them to
travel twice as far on a gallon of gasoline. Size and
weight reduction have
played a significant part
in this trend . But so have
other changes such as aerodynamic styling, electronic
fuel injection, computerized engine controls, and
better tires.
Further progress will be
more difficult and costly,
with less margin of improvement than in recent
years. As long as the energy component remains
such a small part of total
vehicle ownership and operating costs, cost-effective
fuel economy progress
remains difficult.
A number of less-exploited technologies could
ultimately contribute to
further fuel economy improvements. These include
advanced engine technologies such as the Brayton
cycle, improved transmissions and other drivetrain
components, and regenerative braking.

Successful development
of new technologies such
as these can provide options for more energyefficient transportation
vehicles of all types. Applying these potential
advances to new auto production and, increasingly,
to transportation modes
beyond the light-duty vehicle sector, is an important
challenge for industry, federal and state energy policy
makers.
Transportation System
Changes. Switching to more
efficient modes of transportation and more effectively
managing the existing
transportation network
can help reduce traffic
congestion, air pollution
emissions and fuel consumption. Given their
multiple benefits, these options deserve high priority
in transportation policy
decisions.
Mass transit is often
viewed as the key to deemphasizing the role of
the private passenger car,
especially for commuter
travel. From an energy
standpoint, each transit
passenger trip can save up
to two-thirds of the fuel
consumed by the same trip
in a single occupant automobile. However, the high
public expense of these systems, coupled with current
land use practices, makes
each transit system addition a difficult undertaking. As long as parking is
available and inexpensive,

and oil prices are low, it is
difficult to increase ridership on transit systems.
Making mass transit more
effective will require
changes in land use patterns, improved availability and cost of transit
services, and increased
restrictions on parking.
Van pools, ridesharing,
and bicycling seem to be
making progress in some
areas. Telecommuting, teleconferencing and flextime
also are becoming more
popular as measures to help
reduce commute-period
congestion. Although the
combined energy savings
of these options falls short
of controlling transportation energy growth, they
should be encouraged as
part of an integrated, longterm approach to solving
the state's transportation
problems.
Effective transportation
system management approaches can also contribute
incrementally to improving
traffic flow and reducing
the rate of transportation
energy demand growth.
These include high occupancy vehicle lanes; traffic
light synchronization; freeway ramp metering, and
electronically remote-controlled roadway corridors.
Other future possibilities
include new technology applications such as a system
of automated highways.
On these, vehicles would
electronically "lock on" to
the system and be guided
at optimal speeds and sep-

aration distances. This concept, being studied by the
California Department
of Transportation, would
allow for greater density
traffic flow and would also
lend itself to electric vehicle
operation.
Although even a combination of all of these current
and future transportation
fuel and technology opportunities cannot completely
solve the state's mounting
transportation problems,
they are needed as part of
an evolving transportation
strategy .
In the long-term, more
fundamental reductions in
transportation energy use
will require major lifestyle
changes and altered land
use patterns. Land use
policies are needed which
provide for integrated residential, job-site, and transportation uses to reduce
travel distances and avoid
congested commuter travel.
For now, many workers
continue to locate their
residences far from the
workplace, due mainly to
relatively low fuel prices
and high urban housing
costs.

MOVING TOWARD
SOLUTIONS
Effective progress in addressing the problems of
transportation energy supply and use, and air quality and traffic congestion,
requires a comprehensive
strategy employing many
different types of actions.

Such an integrated strategy
will involve many government agencies, private
business and industry, and
the public at large .
State agencies are laying
the groundwork for such
cooperative efforts, particularly among the Energy
Commission, the Department of Transportation,
and the Air Resources
Board. Local agencies, such
as air quality management
districts and regional planning bodies, are also included in these efforts.
Some examples of formal
working groups currently
under way are the Clean
Fuels Working Group, the
Transportation/Air Quality
Review Group, and the
Electric Vehicle Task Force.
In 1987, state legislation
(AB 234) and the California
Transportation Directions
Policy Committee created
the Advisory Board on Air
Quality and Fuels. This
board is charged with reporting to the Legislature
on the impacts and feasibility of methanol-fueled
vehicle production and
methanol availability mandates. The Board, which
consists of representatives
of the Energy Commission,
Air Resources Board, other
state agencies, and various
energy and automobile industries, recently issued its
findings. Those findings
indicate that methanol is
likely to be only slightly
more expensive than gasoline, and that this addi-
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Moss transit like Son

Diego's Trolly con help resolve
some of California's transportation and energy problems.

tional cost is worth the
gain in air quality benefits.
The Energy Commission
and the Department of
Transportation are working
together to resolve related
transportation and energy
problems. Areas considered for joint efforts include fuel demand, price
and supply forecasting;
developing diversified
transportation fuels and
technologies; and promoting improved transportation system management,
mass transit, ridesharing,
and changes in land use
and work patterns.
The goal of these joint
efforts is to formulate and
implement an integrated
state transportation strategy. This strategy will include a realistic target for
controlling growth in
transportation energy
demand, based on a workable combination of demandreducing measures, technology options and
transportation energy
alternatives.
Adequate funding and
resource commitments will
be needed to make the plan
work. State government
has recently taken steps to
reduce transportation demand . As the state's fourth
largest employer, state government can both demonstrate the effectiveness of
demand-reducing strategies to the private sector,
and directly affect commuter transportation
demand.

The Department of
Transportation administers
the Governor's Executive
Order on Transportation,
signed in September 1988.
Under the Governor's plan,
state agencies are required
to reduce state employees'
commute trips by 10
percent, through a combination of incentives and
subsidies for mass transit
and vanpooling, flexible
work hours, and
telecommuting.
State government is also
developing partnerships
with private industry and
local governments to provide funds for traffic management strategies, and
initiating public education
programs to increase the
use of transit and ridesharing. Finally, the state
and the private sector are
cooperatively conducting
research efforts on new
technologies to improve
freeway and arterial traffic
management systems.
Additional near-term actions are needed to resolve
the state's interrelated
transportation, energy,
and air quality problems.
These include increasing
revenues for transportation
infrastructure improvements; improving vehicle
fuel efficiency; expanding
research on alternative fuels
and advanced transportation system technologies;
and supporting industries
that develop and produce
transportation energyrelated products.

A five-bill transportation
improvement program was
signed by Governor Deukmejian in July 1989 which
will provide $18 billion to
upgrade the state's transportation system over the
next 10 years. The revenue
measures needed to finance
the improvements and
expansion of mass transit
and highway systems have
been approved by California voters.
Resolving California's
growing transportation energy problems will require
an integrated, long-term
effort by federal, state and
local governments, and the
community at large . This
effort must address the interrelated issues of energy,
traffic congestion, and air
pollution.
Satisfactory solutions
will demand not only new
technologies, fuel options,
and changes in the state's
transportation system, but
changes in land use patterns and people's individual transportation habits.
The policies proposed in
this report are intended to
assist in guiding the state's
efforts to provide for its future transportation energy
needs.
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The Folsom Power House

(pictured below} was the first
hydro-electric power plant in
California. Today, photovoltaic
facilities like this one northeast
of San Luis Obispo (photo

right) convert California's abundant sunlight into thousands of
kilowatts of electricity.
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MANAGING ELECTRICITY
SUPPLY
AND
DEMAND

owerful forces are changing the electricity industry in California. Increased competition from both
customers and suppliers is forcing reforms in rate
structures. That, in turn, is redistributing risks among
utilities, ratepayers, and independent resource
developers.
A growing competitive regional market for wholesale power is also forcing utilities to scramble for transmission line access and encouraging utility mergers in
order to control expanding markets and cheaper supplies. Major air quality concerns are forcing regulators
to consider significant changes in the way utilities
generate electricity, and how society uses it. Each of
these trends affects the development of state policies
which will guide California's future electricity supply
system.
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TRENDS IN
DEMAND
California's growing
population and economic
expansion are raising electricity demand faster than
previously predicted. By the
year 2000, five-and-one-half
million more Californians
will use electricity. Over
the next decade annual
growth of electricity demand is expected to be
2.1 percent statewide.
Population increases will
account for 70 percent,

while increasing electricity
use per person will account
for the rest.
Overall growth rates are
highest for Redding and
San Diego, followed by
Central Valley cities and
Southern California generally. The already built-up
areas of Los Angeles, Burbank, Glendale and Pasadena, and Pacific Gas and
Electric Company's service
territory, are expected to
grow more slowly.
While average prices are
stable, industrial users and
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California's population

growth is stimulating new housing construction and raising
electricity demand faster than in
the past decade.

some large commercial customers have seen their rates
decrease relative to rates
paid by residential and
commercial customers. The
new rates reflect the utilities' actual costs of service
to smaller customers, while
increasing their ability to
retain larger customers
who have the option of
switching to other fuels.

EXISTING SUPPLY
SYSTEM
California's existing electricity system is stable, and
is sized to meet future
needs. Although a decade
ago the system was dependent on oil and natural
gas, it has since diversified
with the addition of instate nuclear, geothermal
and renewable resourcebased generation as shown
in Figure 4-1.
California utilities also
own, or are partners in,
out-of-state coal and nuclear plants, and purchase
surplus power from the
Northwest and Southwest.
The development of most
gas-fired cogeneration resources also has increased
the efficiency with which
we use natural gas for industrial processes and
power production.
Opportunities for additional efficiency improvements from cogeneration
are limited because of the
increases in efficiency in
the electricity system
which have occurred in the
past decade. Therefore, the

state should pursue only
those cogeneration projects
that provide a net fuel
savings.
Access to alternative
electricity resources, and
the ability to reduce electricity demand through
conservation and efficiency,
underlie the strength of
California's electrical
system.
During a drought period
utilities are able to use
their gas-fired plants and
other resources to make up
for reduced hydroelectric
generation. In wetter years
utilities use more hydroelectric power to displace
their more expensive
supplies.
In 1988 utilities owned
84 percent of the generating
capacity available statewide. Long-term firm
power purchases from outof-state sources provided
about 7.5 percent. Qualifying facilities and selfgenerators made up the
remaining 8.5 percent. By
contrast, we expect that the
share of capacity provided
by small power producers
will increase significantly
by 1999, while the share
owned by private utilities
will decline substantially.
Utilities added more
than 3,000 MW of their
own generation resources
between 1986 and 1988. In
contrast they plan to add
only 224 MW of dependable capacity between 1989
and 1992.

During the same time
period qualifying facilities
will add 1,800 MW of dependable capacity to California's resources and
self-generators will add 470
MW of their own supply
(see Figure 4-2 for total
installed capacity). At the
same time new conservation and load management
programs will avoid the need
for 2,027 MW of capacity.
Imported power will
account for the remaining
268 MW of additions.
Thus, conservation and
load management will be
the single largest source of
new electricity resources,
followed by power from
qualifying facilities.

TRANSMISSION
ACCESS AND
DEVELOPMENT
As the electricity market
becomes more competitive,
the availability of adequate
transmission capacity and
access to transmission

service become extremely
important issues to both
utilities and independent
energy producers. As a
result, there are 24 major
transmission facilities currently proposed by various
utilities and combinations
of utilities to expand the

FIGURE 4-1

California Electric Sources 1977 to 1987
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California does not need
to build many new generating facilities between
now and 1999. If pending
resources, (awaiting regulatory approval) are taken
into account, no new capacity is needed within the
California Public Utilities
Commission's eight-year
planning window. However, San Diego Gas and
Electric, Los Angeles Department of Water and
Power, Redding, and Santa
Clara will probably need to
acquire new capacity in the
mid-1990s.

250

1987

50
YEAR
0

•

Commissioner Mussetter

inspects potential out-of-state
electricity supplies at the Revelstoke Dam and Generating
Station in British Columbia,
Canada.

transmission system and
provide access to it. However, there is no mechanism to ensure that the
transmission system will
be expanded in a way that
will adequately consider
state-wide concerns, including system redundancy,
ratepayer costs, the need
for facilities, or environmental impacts.
Independent energy producers, municipal utilities,
and many regulators see
increased access to the
transmission system as essential to the development
of greater electricity sector
competition. Specifically,
they believe that investorowned utilities and their
subsidiaries can exercise
control over the transmission system to preclude the
development of independent and municipal power
supplies.
On the other hand,
investor-owned utilities
which own the transmission lines see maintaining
control over the transmission system as critical to
providing an affordable and
reliable electricity supply
for the ratepayers that paid
for the system.
Increasing access for independent energy producers and municipal utilities
inevitably raises the issue
of pricing for transmission.
Investor-owned utilities
have expressed interest in
providing access if they are
allowed to charge prices
based on the market value
of transmission services.

The problem is ensuring
that these utilities charge
a price based on market
value, and not a price based
on the utilities' monopoly
power over transmission.
The Federal Energy Regulatory Commission is
trying to establish rules
that would allow greater
reliance on market pricing,
and yet prevent utilities
from abusing monopoly
power.
The Energy Commission
is analyzing the issues of
transmission needs and access in response to Senate
Bill2431 (Garamendi), focusing on three questions.
First, how efficiently is the
existing system used and
are there barriers to its
more efficient use? Second,
to what extent are proposed
transmission projects
"needed" from the perspective of reliable statewide electricity supply?
And third, how can transmission resources and services be equitably allocated
and priced? The Commission will provide the results
of its study in a report to the
Legislature.

TRENDS IN
ENERGY
EFFICIENCY
Efficient use of electricity
has helped California maintain its economic growth.
Over the last decade the
state has lowered its use of
electricity 20 percent relative

to the value of goods and
services produced. Meanwhile, that of the U.S. has
stayed constant.
California's electricity
efficiency improvements
have saved the state $3 billion a year compared to U.S.
trends. One-third of efficiency savings comes from
responses to energy prices.
The remaining two-thirds is
attributed to state building
and appliance standards,
utility programs, public
agency programs, and electric utility system
improvements.
Over the next 20 years,
the largest sources of energy
savings will come from state
building standards and state
and federal appliance
standards.
Since 1977, California
has led the nation in the use
of cost-effective minimum
energy efficiency requirements for new buildings,
appliances and other equipment. Because it is cheaper
to build an energy-efficient
building or piece of equipment than to retrofit later,
the standards also capture
an otherwise "lost opportunity" for low cost sources of
energy savings.
The Energy Commission
is updating its existing residential and nonresidential
building standards, to simplify them and provide for
easier compliance and
enforcement through expanded training programs
for building officials. Performance methods of compliance allow builders the

design flexibility to trade off
among a variety of conservation and innovative design measures to meet the
minimum requirements of
energy use in a building.
The Commission is also
encouraging builders to
design structures that go
beyond the minimum
standards. Many voluntary
measures, such as advanced
lighting technologies, offer
the potential to improve
energy efficiency over
the requirements of
the standards.
The Energy Commission
worked closely with the federal government in the development and adoption of
the National Appliance Energy Conservation Act of
1987. It has continued to
work with the federal government to ensure that federal appliance standards do
not reduce the levels of energy efficiency obtained
through the state standards.
In addition, the Commission has developed a
coalition of state and federal regulatory agencies
and major appliance manufacturers in an effort to
reach agreement on the
costs and benefits of recently proposed national
appliance standards. In
contrast to the growing impact of building and appliance standards, funding
for utility energy efficiency
programs has dropped
dramatically since 1984.
From 1977 to 1983, incremental electricity savings
from utility programs were
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increasing 18 percent each
year. However, with a drop
in funding since 1984, incremental savings have
declined to four percent
per year.

NEW CHALLENGES
FOR EFFICIENCY
In the face of declining
utility efforts in conservation and load management,
dramatic new challenges
call for more efficient use
of electricity. The 1988
Electricity Report, adopted
by the Energy Commission
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with the concurrence of the
California Public Utilities
Commission and utilities,
includes a substantial
amount of uncommitted
conservation as a supply
resource. The amounts included are 2,000 MW and
1,700 GWh in 1992, and
5,060 MW and 6,649 GWh
in 1999.
For 1999, these savings
represent about nine percent lower demand than
forecasted, and three
percent lower consumption.
This resource was included
as cost-effective, contribut-
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Over the next 20 years the

largest sources of energy savings will come from state and
federal appliance standards,
and state building standards.
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ing other benefits such as
improved resource diversity, enhanced air quality,
minimized financial risks,
and reduced uncertainty in
utility planning.
An additional challenge
comes from the SCAQMD
in their recently adopted
Air Quality Management
Plan. The numerous required actions include a 30
percent reduction in electricity and natural gas use,
compared to current forecasts. As the District faces
extremely serious environmental and health problems, dramatic actions and
ambitious goals are necessary.
In light of the commitment of the Commission
and the SCAQMD to
achieving significant
efficiency improvements
beyond what is in the
adopted forecast, it is incumbent on regulators,
policymakers, and utilities
to focus efforts on meeting
this challenge.
During the proceedings
on the 1990 Electricity Report,
the Energy Commission
developed a set of conservation actions that utilities
in the South Coast Air
Quality Management District may use to achieve the
necessary energy savings
and emissions reductions.
In addition, the SCAQMD
may request the Commission to assist local governments to increase the
effectiveness of state building, appliance, and load
management regulations
in improving energy effi-

ciency and reducing emissions in the South Coast
Air Basin.
As an example of ways
to achieve these additional
savings, the Commission's
studies have shown that
incentive programs can be
effective in encouraging
consumers to purchase
appliances that are significantly more efficient than
required by standards.
Lighting is another area
in which additional efficiency can be attained,
especially in commercial
buildings. The new Natural Resources Defense
Council headquarters
building in New York features well-designed, efficient lighting that uses
only one-third as much energy as currently required
by California's building
standards. California
should develop information programs to encourage
builders to further reduce
energy demands through
the use of innovative designs and technologies that
go beyond the existing
standards.

RESOURCE
DIVERSITY
In the late 1970s, California was heavily dependent
on oil and gas for electricity generation. As a result,
the state was vulnerable to
fossil fuel shortages and
price hikes. Decreasing the
dependence of the state's
electricity system on gas
and oil became a high
priority. To accomplish
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Vice Chair Crowley and Commissioner Kevorkian on a recent

visit to San Diego Gas and Electric's 460 megawatt gas- and oil-fired
South Bay Power Plant near Chula Vista.

•

In order to improve electricity system efficiency and reduce air

pollutant emissions, older plants like this Pacific Gas and Electric
facility at Moss landing should be targeted for replacement or
refurbishment.

this, the Energy Commission has encouraged the
development of a diverse
mix of electricity generation resources as a hedge
against the uncertainty of
future fuel supplies and
costs.
Today, increased competition in the North American natural gas market
suggests that in the 1990s
natural gas will be available and less affected by
what happens in the world
oil market. Towards the
end of the decade, as gas
dependency rises, the risk
of shortages may increase.
Over the mid-term, the
Energy Commission has
determined that the development and increased use
of more efficient gas-fired
generation technologies is
a low-cost, environmentally sound policy. For the
long term, California
should support the development now of non-gas
generation technologies.
These technologies should
be made ready for use as
gas availability, cost, or
other conditions warrant.
The need for new electricity resources in California is complicated by aging
oil- and gas-fired power
plants which represent almost 7,000 MW of capacity.
In order to improve electricity system efficiency and
reduce air pollutant emissions, these older plants
should be targeted for replacement or refurbishment.

TRENDS IN NEW
TECHNOLOGIES
With one of the world's
most diverse mixes of primary energy sources for
producing electricity, California will continue to be a
testing ground for advanced
technologies.
The oil crisis of the 1970s
spawned a revolution in
electricity research. In the
mid-1970s, the federal
government initiated an
accelerated search for alternatives to oil and natural
gas. California also initiated
research and development
programs in alternative
and renewable electricity
generation and end-use efficiency. Utility companies
began shifting some of their
research and development
money from conventional
technologies to renewable
and efficiency-improving
technologies.
California has recognized the continuing need
for investing in advanced
technologies. In 1984, the
Legislature formally established the California Utilities Research Council to
more closely coordinate
government and utility
research efforts, including
research in renewable
and energy efficiency
technologies.
The University of California-based Institute for
Energy Efficiency was established to lead a statewide, coordinated effort

among academic research
institutions, utilities, government, and the private
sector. The Institute's mission is to accelerate research and development of
new, high-efficiency energy technologies needed
in the 1990s and beyond.
These two groups exemplify the coordinated approach that research and
development needs to take
in light of limited funding.
While the state of California has maintained its
energy research and development programs, the
federal government and
utilities have substantially
reduced theirs. Several utilities have reoriented their
research programs toward
near-term projects to improve their short-term competitive positions. Nonutility private developers
have reduced or eliminated
their research efforts.
The Commission supports the utilities in their
efforts to advance efficiency
technologies through focused end-use research
and development. However, the Commission is
concerned that similar utility efforts to advance supply technologies (necessary
regardless of the end-use
efficiency levels ultimately
achieved) are disappearing, particularly for those
technologies with a longterm horizon.
Utilities and the CPUC
have asserted that the utilities will not build new

supply resources, and are
not the appropriate entities
to undertake and continue
research and development
in this area. The utilities
have the necessary experience and infrastructure to
continue long-term supply
technology research and
development, while other
entities do not. The Commission encourages the
utilities and the CPUC to
again examine their positions on ratepayer-funded
research and development
for supply technologies.
This may require new
mechanisms to protect the
development interests of
the ratepayers who provide
the research dollars for
utility programs.
The Energy Commission
recommends that the trend
toward reduced funding of
technology research and
development be reversed,
and that this period of stable energy supply be used
to better prepare for the
future. In its 1988 Energy
Development Report, the
Energy Commission has
identified those technologies which show greatest
promise for reducing costs,
increasing efficiency, and
reducing environmental
impacts. Table 4-1 identifies
opportunity technologies
for electricity generation
and end-use efficiency improvements which require
additional technical
development.

THE AIR QUALITY
CHALLENGE
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Advanced geothermal resource development can help maintain

California's electric generation diversity.

As demand for electricity
is growing, so are constraints on its generation
from oil and gas. This is
especially true in many
areas of the state where air
quality standards continue
to be violated. Additional
demand in urban areas
may occur because oil and
gas uses for transportation
and industrial applications
may be converted to electricity to reduce emissions.
Power plants in the
South Coast Air Basin
contribute only about four
percent of total annual
emissions. However, peak
summer time demands for
electricity, and associated
electricity generation using
oil and gas facilities, occur
when air quality conditions are worst. The coincidence of poor air quality
conditions and peak needs
for electricity necessitates
additional efficiency measures. Such measures
include reducing peak
demand and developing
alternative generation designs, locations and fuel
types to reduce emissions.
The challenge is to design an electricity supply
system which achieves acceptable emissions levels
in a more efficient, costeffective manner. Some innovative options evaluated
for meeting potential new
South Coast air quality
standards include: an ag-

gressive program of load
management for Southern
California Edison and the
Los Angeles Department of
Water and Power; increasing funding and incentives
for conservation programs;
encouraging the replacement of existing plants
with more efficient gasfired facilities; derating
older fossil-fuel plants to
encourage detailed study
of alternative supply options;
using more alternative resources such as solar, wind
and geothermal; and taking
advantage of available outof-basin resources through
the use of spot purchases
and pending contracts.
Emissions may also be
reduced by increasing energy efficiency standards
for buildings and appliances within jurisdictions
such as the South Coast Air
Basin. The Energy Commission has proposed that
the SCAQMD place a higher
priority on using energy
efficiency measures. These
would complement, or in
some cases substitute for,
emissions limitations that
could result in a less reliable and less affordable electricity system. An effective
strategy must address both
air quality and energy goals.

RATES
The California Public
Utilities Commission and
local ratemaking authorities need to examine the
long-term consequences of
rates designed to promote

electricity sales. Utilities
are currently very concerned about excess electrical capacity at the same
time retail rates are high.
High rates discourage
energy use and encourage
customers to build their
own generation.

Utilities have been
trying to counter the effect
of high rates by promoting
electricity sales to commercial and industrial
customers through incremental sales rates and
special contracts. Utilities
have also reintroduced

FIGURE 4-2
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declining block rates that
make conservation less
cost-effective.
State policymakers
should be concerned about
the trade-off between the
short-run desire to market
excess capacity and the
consequences of building
load that will not be efficient in the long run. The
problem is that once buildings and industrial processes are in place, they
are costly to retrofit in response to higher energy
prices. Utilities and regulators should encourage customer investments that will
remain economical and
competitive.
California has little
physical need for new generation over the next 12
years. Additional facilities
may be added, based upon
economic or environmental
advantages over operating
plants or plants currently
in standby. The principal
challenge facing the electric power industry and
industry regulators is to
develop a system which
assures secure, reliable,
economical and environmentally acceptable electricity supplies.
To meet this challenge,
the state's regulatory agencies will have to refine
the way they approach resource planning. The state
can neither achieve the
benefits of a balanced electricity system with a regulatory regime that relies
too heavily on an adminis-
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TABLE 4-1
Opportunity technologies
for electric generation and
energy end use efficiency
improvements

e

Hydrogen-Fueled Combustion Turbines
e Fuel Cells using Non-Fossil
Fuel
e Advanced Geothermal
Resource Development
e Solar Thermal Electric
Systems
e Photovoltaic Applications
e Utility Scale Battery Storage Systems
e Waste Heat Recovery
Systems
e Active Solar Water Heating
(some types)
e Light Pipe Technologies
e Hybrid Evaporation Condensers (Refrigerators)
e Evacuated Panel Insulation
(Refrigerators)
e Free Piston Sterling Engines
(Industrial Applications)
e Superconductors
e Pollution Control
Technologies
e Electron Beam
e Teller
e Andeze
e Advanced Lighting Technologies (some types)
e Multiple Use Gas Systems
(some types)
e Beneficial technologies that
are not commercial and may
warrant state policy action to
promote their technical development and/or their use.

•

Alternative resources such

as wind, solar, and geothermal
can reduce energy-related air
pollutant emissions levels.

tratively-determined supply mix, nor can it rely on
one that assumes pricebased market mechanisms
alone will promote the
state's environmental goals.
In the face of the challenges confronting state
electricity regulators, the
Energy Commission has
identified four policy criteria for evaluating resource
choices:
Reduce the cost of supplies and the resulting
rates to customers;
Keep the resulting
resource system flexible
enough to handle a wide
range of future demand,
supply, and fuel
uncertainties;
Balance the mix of longrun resource commitments
and short-run opportunities; and
Incorporate the value
of avoiding or controlling
pollutants directly into
resource planning and
cost-effectiveness
determinations.
These criteria serve as
the basis for this report's
policy recommendations
pertaining to California's
electricity supply system.

e

e

e

•

California has recognized the continuing need for investing

in advanced technologies such as this one operated
for Utility-Scale Application (PV-USA) in Davis.

by Photovoltaics

e

RECOMMENDATIONS

T

e Energy Commission proposes the following

goals and policy recommendations to provide an efficient and economic energy system, which reduces California's growing dependence on petroleum and is
responsive to the complex environmental challenges
associated with the use of fossil fuels.
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GOAL:
California must aggressively diversify its sources of
transportation energy and increase vehicle efficiency.
RECOMMENDATIONS:

e

Federal, state and local governments should con-

vert their vehicle fleets to primarily use clean alternative fuels.

e

Federal Corporate Average Fuel Economy stan-

dards should be increased to cost-effective levels based
on new efficiency technology. Other regulatory approaches to improving transportation fuel efficiency
should be considered.

e

Charles R. lmbrecht

California should designate a lead agency re-

Commission Chairman

sponsible for promoting energy efficiency in vehicle
use. The agency should explore state and federal regulatory options.

e

State agencies should work together to carry out

the requirements of the five-bill transportation improvement package signed by Governor Deukmejian in
July 1989. This package will provide an additional
$18 billion to substantially upgrade the state's transportation system. These revenues could be used to
support programs promoting increased vehicle efficiency, mass transit and other transportation system
improvements.

e

The California Energy Commission, California

Public Utilities Commission (CPUC), California

Former Assemblyman Charles lmbrecht (R-Ventura) was appointed by Governor George Deukmejian as Chairman of the California Energy
Commission in 1983, and reappointed in 1988.
Chairman lmbrecht is the attorney-member of
the Commission and serves as the Presiding Member of the Commission's Legislative, Budget and
Management, and Research and Development
Committees. He also serves as the Governor's
Principal Advisor on Energy Issues and is the
State Liaison Officer to the Nuclear Regulatory
Commission. Chairman lmbrecht was recently
appointed Co-Chairman of the U.S. Alternative
Fuels Council.

Department of Transportation, Air Resources Board
(ARB), air districts and local governments should integrate their planning and policies to facilitate solving
the interrelated problems of energy use, traffic congestion, and air pollution.

e

California should support efforts to accelerate

the research, development and commercialization of
alternative fuels and related vehicle technologies .

e

California should accelerate efforts to develop

advanced transportation systems such as all-electric
automated highway systems and high speed levitation
transit systems using superconductivity.

GOAL:

Barbara Crowley
Commission Vice Chair

California's electricity supply planning process must
adapt to the increasingly competitive nature of the elec-

Barbara Crowley was appointed to the Califor-

tricity market, while ensuring that efficiency and

nia Energy Commission by Governor George

environmental goals are achieved.

Deukmejian in 1984 and appointed Vice Chair in
1985. Vice Chair Crowley was reappointed to the

RECOMMENDATIONS:

e

When the CPUC reviews its competitive bidding

process it should consider:

Commission in 1989.
She fills the environmentalist position on the
Commission and serves as Presiding Member of

• Incorporating more flexible pricing options for

the Commission's International Trade Program

electricity providers,

Committee, Waste-to-Energy Committee, and

• Incorporating multi-attribute bidding into the

Conservation Committee.

biennial update process,

Vice Chair Crowley was formerly managing

• Adopting first-price auction principals rather

owner of walnut, prune, almond, and olive

than second-price principals,

acreage in Tehama and Glenn Counties.

• Incorporating environmental values into the
bidding system,
• Allowing conservation measures to compete
with generation options, and
• Allowing out-of-state power sources to compete for the California market.

e

The Energy Commission, CPUC, ARB, and local

air districts should work together in estimating the
value of air emission reductions. These values should
be used in evaluating the cost-effectiveness of whether
to retire, refurbish, or replace existing plants with new
more efficient and less polluting generating technologies or with energy efficiency programs.

e

Robert Mussetter
Commissioner

The Energy Commission, CPUC and utilities

should facilitate a more effective bulk electricity market by identifying and resolving transmission access
issues and assuring the construction of needed, costeffective, environmentally acceptable new transmission lines.

e

The Energy Commission and the CPUC, with the

cooperation of the electric utilities and Qualifying
Facilities should expand current research and development of electric generation technologies.

e

California and the federal government should:

increase funding for research and development of
advanced non-fossil fueled electricity generation
technologies; continue research on advanced gas combustion technologies; and increase efforts to coordinate

Robert Mussetter was appointed to the California Energy Commission by Governor George
Deukmejian in 1986. He serves as the public member on the Commission. Mr. Mussetter was the
Presiding Member of the Commission's 1988

Electricity Report and Planning Committee, and
currently serves on the Siting and Regulatory
Procedures Committee and the Fuels Planning
Committee.
A resident of Sacramento County, Mr. Mussetter
has worked for more than 20 years as a real estate
broker and appraiser specializing in farm and
ranch property.

research and development activities among government and business.

e

Electricity supply planning should explicitly in-

clude risk management strategies that leave room for
short-term resource commitments and limit long-term
commitments until it is certain that such resources will
be needed .

e

Municipal utilities should develop reliable meth-

ods of assuring that lower cost alternatives to municipally-owned resources, which match the utilities'
resource needs, are not overlooked. Alternatives include purchasing needed resources from investorowned utilities and small power producers at mutually

Richard A. Bilas

agreeable prices and reasonable conditions, and en-

Commissioner

couraging demand management among the utilities'
customers.

Richard Biles, Ph.D., was appointed to the California Energy Commission by Governor George

GOAL:

California should ensure that all cost-effective

Deukmejian in 1987, filling the economist position.
Dr. Biles served as Presiding Member of the Com-

Electricity Report Committee. He is

conservation and load management measures are

mission's 1990

implemented.

also a member of the steering committee to co-

RECOMMENDATIONS:

e

ordinate federal/state energy emergency activities through the U.S. Department of Energy.

The Energy Commission and CPUC should en-

sure that adequate funding is provided for utility conservation and load management programs, and that
utilities have incentives to carry out effective programs
that will achieve the savings identified in the demand
forecast.

Dr. Biles has served on the faculties of California
State College at Bakersfield, the University of
Southern California, the University of Colorado,
and Georgia State University.

e

The Energy Commission, CPUC and municipal

utilities should develop a plan to achieve the additional
"uncommitted" conservation savings adopted by the
Energy Commission as a future resource.

e

The Energy Commission should continue efforts

to simplify procedures to show compliance with the
building standards, and to increase enforcement
efforts by providing training for building officials.

e

The Energy Commission should establish a horne

energy rating system for California to encourage the
purchase of new and existing energy efficient homes.

e

The Energy Commission should support cost-

effective national appliance standards, including a

Art S. Kevorkian

national refrigerator standard that is equivalent to the

Commissioner

existing California standard.

e

The Energy Commission should support incen-

tive programs to encourage the purchase of efficient
appliances which exceed the state's appliance efficiency standards.

e

The Energy Commission should continue to work

with the South Coast Air Quality Management District
and other nonattainrnent air districts to develop electricity and natural gas efficiency programs that will
relieve air quality problems.

e

The CPUC and municipal utilities should criti-

cally evaluate rate structures that promote unnecessary energy consumption in light of the long-term

ArtS. Kevorkian was appointed to the California
Energy Commission by Governor George Deukmejian in January of 1990, filling the engineering
position. Commissioner Kevorkian is a certified
mechanical engineer in California and New York,
with experience in energy projects engineering
management. Commissioner Kevorkian serves on
commission committees devoted to energy efficiency and research and development.

consequences of encouraging inefficient energy use.

e

California and the federal government should

increase funding for research and development of
advanced energy efficiency technologies, and increase
efforts to coordinate research and development activities among government and business.
GOAL:

California must use fossil fuels in an environmentally
sound manner and take actions to reduce our vulnerability to price increases and supply disruptions.
RECOMMENDATIONS:

e

California should increase its access to new gas

supply regions in order to reduce oil use in stationary
applications.

e

Warren D. Noteware
Commissioner
Warren Noteware was appointed to the Cali-

The CPUC should allow California's gas utilities

fornia Energy Commission by Governor George

to provide the type and quality of gas supply and trans-

Deukmejian in 1985, filling the engineering posi-

portation services that gas users want and for which

tion until January 1990. A civil engineer, Mr.

they are willing to pay.

Noteware served as Presiding Member of the

e

The CPUC should establish guidelines for utili-

Commission's Energy Efficiency Standards Com-

ties to incorporate the air quality benefits of natural

mittee, Intergovernmental Relations Committee,

gas in their gas purchasing decisions.

the 1986 Electricity Report Committee, and the

e

In conjunction with other states, California should

continue to test the California Energy Shortage Contingency Plan for responding to energy emergencies.

Biennial Report Committee.
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